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In Ayurveda, Leea macrophylla Roxb. ex Hornem. (Leeaceae) is indicated in worm infesta-
tion, dermatopathies, wounds, inflammation, and in symptoms of diabetes. The present
study aims to determine the antioxidant and antibacterial potential of ethanolic extract
and its different fractions of Leea macrophylla root tubers using phytochemical profiling
which is still unexplored. Quantitative estimations of different phytoconstituents along
with characterization of ethanol extract using high performance liquid chromatography
(HPLC) were performed using chlorogenic acid as amarker compound for the first time. The
extract and its successive fractions were also evaluated for in vitro antioxidant activity
using different models. The extract was further tested against a few Gram-positive and
Gram-negative bacteria for its antibacterial activity. Phytochemical screening and quan-
titative estimations revealed the extract to be rich in alkaloid, flavonoid, phenols, and
tannins, whereas chlorogenic acid quantified by HPLC in ethanol extract was 9.01% w/w.
The results also indicated potential antioxidant and antibacterial activity, which was more
prominent in the extract followed by its butanol fraction.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Leea macrophylla Roxb. ex Hornem. (Leeaceae), commonly
known as Hastikarna palasa is a wild edible plant having high
nutritive value in terms of minerals and vitamins content (B1,
B2, C, and B12). The dried powder of L. macrophylla roots withrmaceutics, Indian Inst
c.in (S. Hemalatha).
inistration, Taiwan. Publis
/licenses/by-nc-nd/4.0/).clarified butter is also prescribed in the morning as an age
sustainer [1e3]. It is distributed throughout the hotter parts of
India, extending from Eastern Ganges Bihar, Bengal, and
Assam to Western India such as Konkan. It is also found in
countries such as Nepal, Bhutan, Myanmar, Bangladesh,
Thailand, Cambodia, Siam, and Laos [4]. Traditionally, the
plant is found to be effective against guinea worm anditute of Technology, Banaras Hindu University, Varanasi, (U.P.)
hed by Elsevier Taiwan LLC. This is an open access article under the CC
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applied externally to allay pain and are alexipharmic [5].
Pharmacologically the plant has been reported to possess
antiurolithiatic [6] and anti-inflammatory activities [1].
Although the plant has numerous traditional, pharmacolog-
ical, and nutritive values, to date there are no data available on
its phytochemical profile.
In India, ~80% of the rural population uses medicinal herbs
or indigenous systems ofmedicine for their primaryhealthcare
[7]. The chemical diversity in natural products as standardized
plant extract provides unlimited opportunities for new drug
leads. Various degenerative diseases such as cancer, athero-
sclerosis, gastric ulcers, and other conditions are the result of
oxidative stress induced by free oxygen radicals. Plants are the
source ofmanyantioxidant compounds actingas free radical or
active oxygen scavengers. Recently interest has been focused
on natural antioxidants owing to side effects of synthetic anti-
oxidants [8]. Extensive use of antibiotics and the problems of
emerging infectious diseases have made it inevitable to search
for new antimicrobials of plant origin [9]. Therefore, the main
objective of the present work was to perform phytochemical
analysis and to evaluate antioxidant and antibacterial activity
of the root tubers from the highly nutritive L. macrophylla.2. Materials and methods
2.1. Plant material and preparation of extract
The root tubers of L.macrophyllawere collected in themonthsof
SeptemberandOctober2013 fromthemedicinalplant gardenof
the Department of Dravyaguna, Banaras Hindu University. The
plant was authenticated by Professor V.K. Joshi, Department of
Dravyaguna, Institute of Medical Sciences, Banaras Hindu
University, and a specimen (No. COG/LM/01) of the plant has
been submitted to the Department of Pharmaceutics, Indian
Institute of Technology (Banaras Hindu University), Varanasi.
The shade-dried root tubers (600g)were coarsely powderedand
subjected to Soxhlet extraction using ethanol (1.5 L) until the
whole plant material was exhausted. The obtained ethanolic
extract of L. macrophylla (ELM) (22.0% w/w) was concentrated
and dried in a rotary evaporator which was then stored in
desiccators until use. The dried reddish brown powder of
ethanolic extract so obtained was then fractionated by sus-
pending it in an aqueous layer and partitioning between sol-
vents of increasingpolarity to obtain thehexane fraction (LMH),
chloroform fraction (LMC), ethyl acetate fraction (LMEA), n-
butanol fraction (LMBU), and aqueous fraction (LMAQ).
2.2. Phytochemical evaluation
2.2.1. Preliminary phytochemical screening
The ethanolic extract and its successive fractions were sub-
jected to preliminary phytochemical screening for the pres-
ence of different phytoconstituents using various qualitative
reagents as per standard procedures [10].
2.2.2. Quantitative estimation of phytoconstituents
The ethanolic extract of L. macrophylla and its successive
fractions were subjected to estimation of variousphytoconstituents based upon phytochemical screening.
Total alkaloid contentwas determined by gravimetric analysis
[11], whereas total phenolic and tannin contents were esti-
mated as per the method of Hagerman et al [12]. Methods
described by Kumaran and Karunakaran [8] were used for
determination of total flavonoid and flavonol content. Total
saponin content in the plant extract was estimated by the
method described by Baccou et al [13], whereas the colori-
metric method described by Yemm and Willis [14] was used
for determination of total carbohydrate content.
2.3. Quantification of chlorgenic acid by high
performance liquid chromatography analysis
The method described by Yuan et al [15] was adopted for
standardization of crude ethanol extract of L. macrophylla
using chlorogenic acid (SigmaeAldrich [purity: 95%], St Louis,
MO, USA) as a standard. The analysis was performed using a
Waters high performance liquid chromatography (HPLC) sys-
tem with Photo-diode Array (PDA) detector. Deionized water,
containing 0.4% acetic acid and 4.5% tetrahydrofuran, modi-
fied with acetonitrile was used as the mobile phase. The
analysis was carried out on a Cosmosil C18 column
(150 mm  4.6 mm, 5 mm particle) by gradient elution begin-
ning with a mobile phase composition of 5:95 (aqueous pha-
se:acetonitrile) and gradually changed to 25:75 in the first
15 minutes. For the next 35 minutes, the composition of the
mobile phase was changed from 25:75 to 60:40. The injection
volume was 10 mL. Then the column was re-equilibrated for
another 10 minutes, using a mobile phase composition of 5:95
(aqueous phase:acetonitrile) before the next injection. The
elution was carried out at ambient temperature (25ºC) and the
flow rate was maintained at 1.0 mL/min throughout the
elution. Data were collected at a wavelength of 326 nm. The
peak of chlorogenic acid was identified and confirmed by
comparing its retention time with that of standard chloro-
genic acid (class VP series software; Shimadzu, Kyoto, Japan).
External standard method following integration of the peak
was used for quantification.
2.4. In vitro antioxidant activity
The antioxidant activity of the extract and its successive
fractions were evaluated by different methods following the
literature. The total antioxidant capacity was determined by
the phosphomolybdenummethod as described by Prieto et al
[16]. The potassium ferricyanide method, as per the methods
of Yildirim et al [17], was used for estimation of reducing
power. Free radical scavenging activity was evaluated using
the DPPH (1,1-diphenyl-2-picryl-hydrazil) assay method [18].
Scavenging of hydrogen peroxide, assay of nitric oxide scav-
enging activity, and scavenging of hydroxyl radicals by the
deoxyribose method were determined as per the methods
described by Jayaprakasha et al [19], Sreejayan and Rao [20],
and Halliwell et al [21], respectively.
2.5. Antibacterial activity
For evaluation of antibacterial activity, four reference bacte-
rial strains, i.e., Escherichia coli (ATCC 25922), Shigella flexneri
j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 3 2 4e3 3 1326(ATCC 12022), Pseudomonas aeruginosa (ATCC 27893), Staphylo-
coccus aureus (ATCC 25323), and four clinical bacterial iso-
latesdSalmonella typhi, Klebsiella pneumonia, Shigella boydii, and
Enterococcus faecalis were obtained from the American Type
Culture Collection (ATCC), Microbial Type Culture Collection
(MTCC), and clinical strains preserved at the Department of
Microbiology, Institute of Medical Sciences, Banaras Hindu
University, Varanasi, India.
The disc diffusion method was used for determining the
efficacy of the extract and its successive fractions against
different bacterial strains. Fresh bacterial strains were sus-
pended in sterile saline and the suspension was spread on the
surface of Muller Hinton agar (MHA) plates. Furthermore, the
plates were allowed to dry for 5 minutes. The test sample
(extract and its successive fractions) at different concentra-
tions (50 mg/mL and 100 mg/mL) was then applied on 6-mm
sterile discs of Whatman filter paper number 1. These discs
were then placed on the surface of the nutrient medium and
the extract was allowed to diffuse for 5 minutes. The plates
were then incubated for 24 hours at 37C and inhibition zones
around the discs were recorded in triplicate. The guideline
proposed by National Committee for Clinical Laboratory
Standards (NCCLS, 2000) was adopted for determining the
minimum inhibitory concentration (MIC) of the extract and its
successive fractions using the microdilution method. The test
sample was first diluted with equal volumes of nutrient broth
whichwas furthermixed in wells of microtiter plate. A 0.1-mL
sample of standardized inoculums was then added to each
tube and the plates were incubated aerobically at 37C for
18e24 hours. The lowest concentration at which there was no
visible bacterial growth observed, as conclusive through no
turbidity compared with the control was referred to as MIC
[22].3. Results
3.1. Phytochemical evaluation
The yield of the subfractions from ELM obtained successively
by fractionation is as follows: hexane (1.0%), chloroform (2%),
ethyl acetate (7.5%), n-butanol (25%), and aqueous fractionTable 1 e Preliminary phytochemical screening of ELM and its
Phytoconstituents Ethanolic extract
(ELM) Hexane fraction
Alkaloids þ ¡
Glycosides þ ¡
Flavonoids þ ¡
Steroidal/triterpenes þ þ
Phenolic & tannins þ ¡
Saponins þ ¡
Mucilages þ ¡
Proteins þ ¡
Amino acids þ ¡
Sugars þ ¡
(þ) indicates presence, () indicates absence.
ELM ¼ ethanolic extract of root tubers of Leea macrophylla.(14.5%) w/w, respectively. The results of the preliminary
phytochemical screening of ELM and its subfractions is rep-
resented in Table 1. Phytoconstituents quantified in the pre-
sent study are demonstrated in Table 2, whereas Fig. 1
represents the HPLC chromatogram of standard chlorogenic
acid and ELM. From the standard plot of chlorogenic acid and
the linear regression equation, the content of chlorogenic acid
in the crude ethanol extracts of L. macrophyllawas found to be
9.01% w/w.
3.2. In vitro antioxidant activity
The results of the total antioxidant capacity, reducing power,
and scavenging activity of DPPH, hydrogen peroxide, and hy-
droxyl radical for ethanolic extract of L. macrophylla and its
fractions (i.e., hexane, chloroform, ethyl acetate, butanol, and
aqueous) are represented, respectively, in Table 3 and Fig. 2e4.
The total antioxidant capacity was determined by linear
regression equation and was expressed as number of equiv-
alent of ascorbic acid. Antioxidant capacity of ELM was found
to be 365.67 ± 1.08 mg/mL. Assay of reducing power is a con-
centration dependent reaction, i.e., higher concentration in-
dicates higher reducing power. The results demonstrated a
potent reducing potential of ELM (1.73 ± 0.05 mg/mL). The
capability to reduceDPPH by donating an electron or hydrogen
to DPPH is indicative of free radical scavenging activity of the
extract. ELM showed an IC50 value of 39.80 ± 2.05 mg/mL as
compared with ascorbic acid (IC50: 23.67 ± 1.67 mg/mL). Griess
reagent was used to determine the nitric oxide scavenging
activity, which illustrated a moderate scavenging activity of
ELM (IC50: 101.11 ± 2.37 mg/mL) in comparison to rutin (IC50:
37.81 ± 3.57 mg/mL). A considerably moderate scavenging po-
tential of hydrogen peroxide by ELMwas observedwith an IC50
value of 74.15 ± 2.84 mg/mL compared with standard rutin IC50
30.63 ± 3.21 mg/mL. Fenton reaction was used to assess the
potential of ELM in inhibiting the hydroxyl radical production
through iron (II)edependent deoxyribose damage assay. The
results showed low scavenging activity with an IC50 value of
52.22 ± 0.97 mg/mL compared with positive control Butylated
Hydroxy Anisole (BHA) (IC50 17.59 ± 1.00 mg/mL).
Among the tested fractions, LMBU depicted the highest
antioxidant capacity (232.00 ± 0.95 mg/mL ascorbic acidsuccessive fractions.
Fractions
CHCl3
fraction
Ethyl acetate fraction Butanol
fraction
Aqueous
fraction
¡ þ þ þ
¡ þ þ þ
þ þ þ þ
þ þ þ þ
¡ ¡ þ þ
¡ ¡ ¡ þ
¡ ¡ ¡ þ
¡ ¡ þ þ
¡ ¡ ¡ þ
¡ ¡ þ þ
Table 2 e Quantification of phytoconstituents in ELM extract and its fractions.
Phytoconstituents ELM extract ELM fractions
LMC LMEA LMBU LMAQ
Total alkaloids (% w/w) 1.19 ± 0.13 d 0.21 ± 0.10 0.52 ± 0.12 0.38 ± 0.10
Total phenolics (mg/g TAE) 195.82 ± 2.55 d 96.78 ± 4.94 76.12 ± 1.61
Total tannins (mg/g TAE) 97.21 ± 1.07 d d 45.66 ± 2.50 25.33 ± 1.9
Total flavonoids (mg/g RE) 81.82 ± 0.86 3.39 ± 1.26 17.18 ± 4.46 49.72 ± 2.02 40.05 ± 3.78
Total flavonols (mg/g RE) 2.62 ± 0.17 0.36 ± 0.31 0.58 ± 0.20 1.55 ± 0.49 0.65 ± 0.29
Total saponins (mg/g DE) 44.48 ± 1.42 d d d 16.43 ± 3.27
Total carbohydrates (mg/g FE) 58.88 ± 0.81 d d 21.99 ± 1.21 35.38 ± 3.38
DE ¼ diosgenin equivalent; ELM ¼ ethanolic extract of root tubers of Leea macrophylla; FE ¼ fructose equivalent; LMAQ ¼ aqueous fraction of
ethanolic extract of root tubers of Leea macrophylla; LMBU ¼ butanol fraction of ethanolic extract of root tubers of Leea macrophylla;
LMC¼ chloroform fraction of ethanolic extract of root tubers of Leeamacrophylla; LMEA¼ ethyl acetate fraction of ethanolic extract of root tubers
of Leea macrophylla; RE ¼ rutin equivalent; TAE ¼ tannic acid equivalent.
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LMEA: 136.83 ± 1.83, LMC: 69.00 ± 1.13, and LMH:
37.25 ± 1.73 mg/mL ascorbic acid equivalent, respectively. In an
assay of reducing power, LMBU exhibited potent antioxidantFig. 1 e HPLC chromatogram of (A) standard chlorogenic acid an
performance liquid chromatography.potential followed by LMAQ, LMEA, LMC, and LMH,whereas in
free radical scavenging activity using the DPPHmethod, all the
fractions tested demonstrated a considerable free radical
scavenging activity as indicated by the obtained IC50 values.d (B) ethanol extract of L. macrophylla. HPLC ¼ high
Table 3 e In vitro antioxidant activity of ethanolic extract of L. macrophylla and its fractions.
Drug IC50 concentration in mg/mL required for scavenging the free radical
DPPH radical Nitric oxide scavenging H2O2 radical Hydroxyl radical
Standard Ascorbic acid Rutin Rutin BHA
23.67 ± 1.67 37.81 ± 3.57 30.63 ± 3.21 17.59 ± 1.00
Extract
ELM extract 39.80 ± 2.05 101.11 ± 2.37 74.15 ± 2.84 52.22 ± 0.97
ELM fractions
LMH fraction 248.74 ± 7.29 320.18 ± 1.36 409.48 ± 5.27 227.37 ± 5.55
LMC fraction 233.53 ± 5.00 290.77 ± 3.78 264.57 ± 4.10 203.07 ± 1.32
LMEA fraction 90.33 ± 0.36 149.05 ± 0.95 121.90 ± 1.97 123.45 ± 2.82
LMBU fraction 65.21 ± 1.12 114.15 ± 2.01 90.30 ± 4.01 86.52 ± 1.98
LMAQ fraction 71.49 ± 1.07 129.66 ± 3.88 118.20 ± 2.70 107.07 ± 0.68
BHA ¼ Butylated Hydroxy Anisole; DPPH ¼ 1,1-diphenyl-2-picryl-hydrazil; ELM ¼ ethanolic extract of root tubers of Leea macrophylla;
LMAQ ¼ aqueous fraction of ethanolic extract of root tubers of Leea macrophylla; LMBU ¼ butanol fraction of ethanolic extract of root tubers of
Leea macrophylla; LMC ¼ chloroform fraction of ethanolic extract of root tubers of Leea macrophylla; LMEA ¼ ethyl acetate fraction of ethanolic
extract of root tubers of Leea macrophylla; LMH ¼ hexane fraction of ethanolic extract of root tubers of Leea macrophylla.
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of 23.67 ± 1.67 mg/mL followed by LMBU (IC50: 65.21 ± 1.12 mg/
mL), LMAQ (IC50: 71.49 ± 1.07 mg/mL), LMEA (IC50:
90.33 ± 0.36 mg/mL), LMC (IC50: 233.53 ± 5.00 mg/mL), and LMH
(IC50: 248.74 ± 7.29 mg/mL). Furthermore, LMBU exhibited the
most highly potent scavenging activity (IC50 value
114.15 ± 2.01 mg/mL) of all the fractions, followed by LMAQ,
LMEA, and LMC, whereas the hexane fraction showed the
least scavenging activity in the assay of nitric oxide scav-
enging activity.
In scavenging of the hydrogen peroxide method, rutin,
used as standard, demonstrated the highest scavenging ac-
tivity with an IC50 value of 30.63 ± 3.21 mg/mL, followed by
LMBU, LMAQ, LMEA, LMC, and LMH in descending order. The
results revealed a potent hydroxyl radical scavenging activity
for all fractions. As seen through the obtained IC50 values,Fig. 2 e Total antioxidant activity of ELM extract and
successive fractions. ELM¼ ethanolic extract of root tubers
of Leea macrophylla; LMAQ ¼ aqueous fraction of ethanolic
extract of root tubers of Leea macrophylla; LMBQ ¼ butanol
fraction of ethanolic extract of root tubers of Leea
macrophylla; LMC¼ chloroform fraction of ethanolic extract
of root tubers of Leea macrophylla; LMEA ¼ ethyl acetate
fraction of ethanolic extract of root tubers of Leea
macrophylla; LMH ¼ hexane fraction of ethanolic extract of
root tubers of Leea macrophylla.standard BHA (IC50: 17.59 ± 1.00 mg/mL) showed maximum
activitywhichwas followed by LMBU (IC50: 86.52± 1.98 mg/mL),
whereas LMH depicted the least scavenging activity.3.3. Antibacterial activity
The assessment of antibacterial activity of L. macrophylla
extract and its successive fractions from root tubers against
bacterial strains was found to bemore pronounced in the case
of Gram-positive bacteria compared with Gram-negative
bacteria (Table 4). Among the tested extract and fractions,
ELM demonstrated the most potent activity which was fol-
lowed by LMBU, LMAQ, LMEA, LMC, and LMH at their respec-
tive higher concentrations as observed by measuring theFig. 3 e Reducing assay of ELM extract and successive
fractions. ELM ¼ ethanolic extract of root tubers of Leea
macrophylla; LMAQ ¼ aqueous fraction of ethanolic extract
of root tubers of Leea macrophylla; LMBQ ¼ butanol fraction
of ethanolic extract of root tubers of Leea macrophylla;
LMC ¼ chloroform fraction of ethanolic extract of root
tubers of Leea macrophylla; LMEA¼ ethyl acetate fraction of
ethanolic extract of root tubers of Leea macrophylla;
LMH¼ hexane fraction of ethanolic extract of root tubers of
Leea macrophylla.
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ELM was highly effective against S. aureus, S. flexneri, and S.
boydii, whereas ELM was found to be less effective against S.
typhi and K. pneumoniae. MIC depicted a wide range of anti-
bacterial activity with values ranging from 0.195 mg/mL to
3.125 mg/mL (Table 4).4. Discussion
In the past few years, the use of medicinal plants has been
considerably increased as there is an increase in demand for
raw material for pharmaceutical preparations as well as for
self-medication in large populations throughout the world.
Preliminary phytochemical analysis performed gives an idea
regarding the chemical nature of the active constituents pre-
sent in the plant extract. The qualitative and quantitative
evaluation for phytochemical estimation showed the pres-
ence of phenolic, tannins, flavonoid, steroids, and alkaloid in
ethanolic extract of L. macrophylla and its butanol, aqueous,
and ethyl acetate fractions in decreasing order, whereas the
chloroform fraction exhibited presence of only flavonoids and
steroids whereas the hexane fraction demonstrated presenceFig. 4 e In vitro antioxidant activity of ELM and its successive f
oxide scavenging activity. (C) Hydrogen peroxide scavenging ac
diphenyl-2-picryl-hydrazil; ELM¼ ethanolic extract of root tuber
extract of root tubers of Leea macrophylla; LMBQ ¼ butanol fract
LMC ¼ chloroform fraction of ethanolic extract of root tubers of L
extract of root tubers of Leea macrophylla; LMH ¼ hexane fractioof steroids only. The phytochemical profiling thus clearly ex-
plains potent antioxidant and antimicrobial activity of etha-
nolic extract of L. macrophylla followed by its butanol, aqueous,
ethyl acetate, chloroform, and hexane fractions in decreasing
order owing to the phytoconstituents and their quantity
present.
Different in vitro antioxidant models performed in the
present study demonstrated a potent antioxidant potential of
L. macrophylla and its subfractions. The ethanolic extract
exhibited the potent in vitro antioxidant activity followed by
its fractions LMBU, LMAQ, LMEA, LMC, and LMH in descending
order. Antioxidants are considered as important nutraceut-
icals on account of many health benefits. Normal physiolog-
ical processes results in the generation of reactive oxygen
species (ROS). Oxidative stress condition is a result of exces-
sive ROS production which overcomes cellular antioxidant
defenses. This in turn leads to the progression of several
degenerative diseases such as aging related diseases, cancer,
cardiovascular diseases, diabetes mellitus, and various
neurodegenerative disease, via DNA mutation, protein
oxidation, and/or lipid peroxidation. Thus, antioxidants play a
pivotal role either by preventing or delaying the oxidative
damage caused by ROS in various ways and hence medicinalractions. (A) DPPH scavenging activity. (B) Assay of nitric
tivity. (D) Scavenging of hydroxyl radical. DPPH ¼ 1,1-
s of Leea macrophylla; LMAQ¼ aqueous fraction of ethanolic
ion of ethanolic extract of root tubers of Leea macrophylla;
eea macrophylla; LMEA ¼ ethyl acetate fraction of ethanolic
n of ethanolic extract of root tubers of Leea macrophylla.
Table 4 e Effect of different fractions of L. macrophylla on zone of inhibition (in mm) and MIC (mg/mL) against different
bacterial strains.
Strains SA EF SF ST EC KP PA SB
Drug/extract/fraction (mg/mL) Zone of inhibition (in mm)
ELM 50 12.41 ± 0.31 10.21 ± 0.47 9.54 ± 0.30 7.18 ± 0.51 10.03 ± 0.29 8.63 ± 0.32 11.63 ± 0.54 10.53 ± 0.53
ELM 100 18.54 ± 0.34 14.52 ± 0.26 12.54 ± 0.30 11.45 ± 0.34 13.57 ± 0.38 10.60 ± 0.53 16.72 ± 0.43 14.80 ± 0.25
LMH50 7.81 ± 0.34 d 7.46 ± 0.23 5.81 ± 0.46 7.28 ± 0.20 d 6.51 ± 0.43 7.17 ± 0.51
LMH100 10.38 ± 0.55 d 8.91 ± 0.47 7.08 ± 0.44 10.5 ± 0.37 d 9.80 ± 0.42 10.53 ± 0.30
LMC50 9.85 ± 0.43 6.85 ± 0.34 7.61 ± 0.21 6.02 ± 0.48 7.81 ± 0.34 d 6.84 ± 0.36 8.14 ± 0.52
LMC100 12.9 ± 0.35 10.42 ± 0.33 9.34 ± 0.22 7.65 ± 0.36 11.46 ± 0.28 d 11 ± 0.15 11.30 ± 0.32
LMEA50 10.81 ± 0.25 7.23 ± 0.47 8.06 ± 0.35 6.58 ± 0.38 8.43 ± 0.41 6.03 ± 0.41 8.50 ± 0.44 8.93 ± 0.39
LMEA100 14.33 ± 0.33 10.90 ± 0.45 10.15 ± 0.51 8.55 ± 0.60 12.34 ± 0.47 7.90 ± 0.24 12.87 ± 0.40 12.53 ± 0.54
LMBU50 11.28 ± 0.51 7.93 ± 0.43 8.37 ± 0.31 6.88 ± 0.46 8.97 ± 0.53 7.46 ± 0.38 9.31 ± 0.45 9.93 ± 0.48
LMBU100 16.80 ± 0.30 12.44 ± 0.32 11.95 ± 0.18 9.68 ± 0.40 12.63 ± 0.32 9.50 ± 0.51 14.13 ± 0.46 14.22 ± 0.55
LMAQ50 11.03 ± 0.45 7.78 ± 0.39 8.24 ± 0.46 6.82 ± 0.12 8.54 ± 0.32 7.08 ± 0.61 8.84 ± 0.46 9.27 ± 0.28
LMAQ100 15.26 ± 0.66 11.67 ± 0.44 10.89 ± 0.29 9.08 ± 0.58 12.4 ± 0.35 8.60 ± 0.37 12.93 ± 0.36 13.13 ± 0.28
Cipro 0.5 27.85 ± 0.25 30.64 ± 0.34 21.33 ± 0.45 25.80 ± 0.54 28.59 ± 0.32 28.80 ± 0.30 26.34 ± 0.25 25.81 ± 0.60
MIC (mg/mL)
ELM 0.195 0.781 0.390 3.125 0.781 1.562 0.390 0.781
LMH 0.781 d 0.781 3.125 6.25 d 3.125 6.25
LMC 0.390 0.781 1.562 0.781 0.390 d 6.25 3.125
LMEA 0.781 0.781 1.562 0.390 1.562 0.781 1.562 6.25
LMBU 0.390 0.781 0.390 1.562 0.781 0.390 0.781 1.562
LMAQ 0.781 1.562 0.781 0.390 1.562 0.781 0.390 6.26
Cpr ¼ ciprofloxacin; EC ¼ E. coli; EF ¼ E. faecalis; ELM ¼ ethanolic extract of root tubers of Leea macrophylla; KP¼ K. pneumonia; LMAQ ¼ aqueous
fraction of ethanolic extract of root tubers of Leea macrophylla; LMBU ¼ butanol fraction of ethanolic extract of root tubers of Leea macrophylla;
LMC¼ chloroform fraction of ethanolic extract of root tubers of Leeamacrophylla; LMEA¼ ethyl acetate fraction of ethanolic extract of root tubers
of Leea macrophylla; LMH ¼ hexane fraction of ethanolic extract of root tubers of Leea macrophylla; MIC ¼ minimum inhibitory concentration;
PA¼ P. aeruginosa; SA¼ S. aureus; SF¼ S. flexneri; ST¼ S.typhi; SB¼ S. boydii.
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relevance in treating such chronic diseases [23,24]. Recently,
interest has developed in medicinal plants containing anti-
oxidants and active phytochemicals, such as phenol com-
pounds, terpenoids, and vitamins, for their potential use as
nutraceuticals and/or food additives in the prevention of
many diseases [25]. Dietary polyphenols are thought to be
beneficial for human health by exerting various biological ef-
fects such as free-radical scavenging, metal chelation, mod-
ulation of enzymatic activity, and alteration of signal
transduction pathways [26]. From the overall observation, the
potent in vitro antioxidant activity of the roots may be attrib-
uted due to phenolics, tannins, and flavonoids which were
found to be present in considerable high amounts in the plant
[27].
Plants have an ability to survive microbial attacks through
an arsenal of chemicals which may act as either physical
barriers or chemical ones [28]. At present, numerous antibi-
otics are being used for treatment of infection, however, they
have been associated with adverse effects and have also been
found ineffective against these pathogens [29]. Interest in
ethnopharmacy as a source of these compounds has
increased worldwide, particularly in the search for drugs to
counter multi-resistant microorganisms. The extract of L.
macrophyllawas found to have a wide range of activity against
both Gram-positive and some Gram-negative bacteria such as
S. flexneri, P. aeruginosa, and S. boydii. This antimicrobial ac-
tivity may be attributed possibly to a cumulative action of
various phytochemicals detected during phytochemical
screening and which are known to cause damage to cellmembranes, causing leakage of cellular materials and ulti-
mately leading to the death of the microorganism [30].
Free radical scavenging activity of phenolics and flavo-
noids imparts their antioxidant potential and major phyto-
constituents from plant sources responsible for antimicrobial
activity includes phenolics, phenolic acids, quinones, sapo-
nins, flavonoids, tannins, coumarins, terpenoids, and alka-
loids [31].
The HPLC analysis confirmed the presence of chlorogenic
acid in quite considerable amounts. Polyphenols are mainly
classified into phenolic acids and flavonoids. A major class of
the former is hydroxycinnamic acids, and chlorogenic acid is
the major representative of hydroxyl cinnamic acids. Chemi-
cally, chlorogenic acid is an ester formed between caffeic acid
and quinic acid and is a natural antioxidant abundantly
distributed among plant species which have been reported to
possess antimicrobial, antimutagenic, and anti-inflammatory
activity [26,32]. Thus the presence of chlorogenic acid may
contribute to the potent antioxidant and antibacterial poten-
tial of L. macrophylla.
The study justified the antioxidant and antibacterial potential
of root tubers of L. macrophylla which can be used as a po-
tential tool in the treatment of disorders associated with
oxidative stress and pathogenic infections.Conflicts of interest
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